Objective: Hyperglycemic crisis encompasses a group of diabetes emergencies characterized by insulin deficiency with high morbidity and mortality. Cocaine use is increasingly prevalent in the United States and may be associated with increased risk of diabetic ketoacidosis. The objective was to determine if active cocaine use at hospital admission could be considered a risk factor for development of hyperglycemic crisis. Methods: A retrospective case-control analysis was performed on 950 inpatients with hyperglycemia at an urban academic hospital. Patients admitted with non-emergent hyperglycemia were compared to patients who met criteria for diabetic ketoacidosis (DKA), hyperosmolar hyperglycemic state (HHS), and hyperosmolar ketoacidosis (HK), based on the absence or presence of cocaine metabolites on urine toxicology screen. Outcomes included frequency of cocaine use in patients with DKA, HHS, HK, and non-emergent hyperglycemia; phenotypic characteristics of cocaine users vs. non-users with hyperglycemia; phenotypic characteristics of patients with hyperglycemic crisis vs. non-emergent hyperglycemia. Results: 950 patients were admitted with hyperglycemia, 133 of which met criteria for hyperglycemic crisis. There was no significant difference in the frequency of cocaine use in individuals with nonemergent hyperglycemia compared to individuals with hyperglycemic crisis (16.9% vs. 17.2%, p = 0.90). 16.9% of patients with DKA, 16.4% of patients with HHS, and 6.4% of patients with HK were cocaine users. Conclusions: We found no association between active cocaine use at the time of hospital admission and development of hyperglycemic crisis, when compared to non-emergent hyperglycemia. The role of routine screening for cocaine use in patients with hyperglycemic crisis is unclear.
Introduction
Diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state (HHS) are the most common diabetes emergencies [1] . The overlap syndrome of hyperosmolar ketoacidosis (HK) is less common, but along with HHS, is associated with higher mortality than DKA [2] . These three conditions, which constitute the spectrum of hyperglycemic crisis, result from absolute or relative insulin deficiency in the setting of excess counter-regulatory hormone production [3] . The pathophysiological mechanisms are best described in DKA, in which acute insulin deficiency results in an increase in free fatty acid production. This leads to excess ketone body production, reduced urinary clearance, and resultant metabolic acidosis [4] . HHS is characterized by marked hyperglycemia and hyperosmolarity, the combination of which leads to osmotic diuresis, volume depletion, hyperviscosity and ultimately, tissue hypoperfusion and worsening insulin resistance [5] .
Cocaine has previously been described as contributing to worsening hyperglycemia through a combination of direct increase in counter-regulatory hormones and indirect promotion of insulin omission [6] [7] [8] . Prior clinical studies of the relationship between cocaine and hyperglycemic crisis have reported a possible association between patient self-reported and laboratory confirmed cocaine use and subsequent development of DKA. However, a direct association between the two is not well established, given limitations in prior studies, which include variable definitions of hyperglycemic crisis, an exclusive focus on DKA and the fact that concomitant cocaine use has not necessarily been strictly confirmed at the time of admission for hyperglycemic crisis.
In order to address this uncertainty, we conducted a retrospective case-control study to further our understanding as to whether active cocaine use, confirmed through urine toxicology screening at the time of hospital admission, could be considered a risk factor for development of hyperglycemic crisis.
We hypothesized that confirmed cocaine use (urine cocaine metabolites being present at the time of admission with hyperglycemia) would be encountered more frequently in patients admitted with hyperglycemic crisis compared with patients admitted with non-emergent hyperglycemia. Secondarily, we hypothesized that individuals with hyperglycemic crisis who use cocaine might exhibit different phenotypic features, such as more severe hyperglycemia, compared to those not using cocaine. Because so little is known about the role of cocaine in the clinical course of HHS and HK, we also hypothesized that there may be differential effects of cocaine use on the patients' metabolic characteristics depending on whether individuals were diagnosed with DKA, HHS or HK. Through these questions, we hoped to define clinical features that would lead clinicians to suspect cocaine as a contributing risk factor in hyperglycemic crisis.
Methods
We extracted a limited data set from an established, Institutional Review Board-approved inpatient diabetes repository (IDR) of approximately 40,000 individual subjects admitted with hyperglycemia at Boston Medical Center, an urban academic hospital with a large ''safety-net population." We identified a sub-group of 950 individuals admitted with both hyperglycemia (blood glucose > 250 mg/dL) and available urine toxicology screens for cocaine between July 1, 2004, and December 31, 2010 .
Using this dataset, we performed a retrospective case-control analysis to compare a group of individuals with hyperglycemic crisis to a group of hyperglycemic individuals without crisis. We included individuals between the ages of 18 and 65 (age limits were pre-determined by the available IDR dataset) with blood glucose > 250 mg/dL on emergency department laboratory evaluation with available urine toxicology screens at the time of the admission of interest. We defined a group of 133 individuals from all ethnic groups who met diagnostic criteria for DKA, HHS or HK as the hyperglycemic crisis group (cases). The DKA group was defined by the presence of all of the following criteria: venous or arterial pH < 7.3 and/or serum bicarbonate < 15 mmol/L, ketonuria, and anion gap > 14; the HHS group was defined by both blood glucose > 600 mg/dL and measured serum osmolarity > 340 mOsm/ kg H2O or effective serum osmolarity > 320 mOsm/kg H2O; the HK group was defined by venous or arterial pH < 7.3 and/or serum bicarbonate < 15 mmol/L, ketonuria, and measured serum osmolarity > 340 mOsm/kg H2O or effective osmolarity > 320 mOsm/kg H 2 O. Effective osmolarity was defined as: 2[measured Na + (mmol/ L)] + glucose (mg/dL)/18. Total osmolarity was defined as: 2[measured Na + (mmol/L)] + glucose (mg/dL)/18 + BUN/2.8. It is important to note that based on these criteria, certain individuals may meet criteria for more than one diagnosis and as a result were ''double counted" in subsequent analyses. For example, a patient meeting criteria for HK may meet all of the criteria for DKA but if blood sugar is less than 600 mg/dL would not meet all of the criteria for HHS, so would be included in the analyses for both HK and DKA, but not HHS. Individuals with hyperglycemia not meeting the aforementioned criteria for hyperglycemic crisis were designated as subjects for the non-emergent hyperglycemia control group (controls). We deliberately excluded individuals without available urine toxicology data to ensure that antecedent cocaine exposure was confirmed. Cocaine exposure was defined as the presence of cocaine metabolites on urine toxicology screen on presentation to the emergency department or admission to the intensive care unit. Serum toxicology screens were not included as urine toxicology screening is the routine practice at our institution. The decision to perform toxicology screening was at the discretion of the emergency department and intensive care unit teams.
We performed multiple analyses in this group of hyperglycemic individuals who had undergone urine toxicology testing designed to explore the hypotheses that cocaine use is more likely to be associated with DKA, HHS, and HK than non-emergent hyperglycemia; that cocaine acts as an effect modifier for the relationship between demographic factors and hyperglycemic crisis; and that there may be phenotypic differences between hyperglycemic crisis cocaine users and hyperglycemic crisis non-users.
We first describe the hyperglycemic crisis and nonhyperglycemic crisis groups in terms of demographic characteristics, laboratory values and cocaine use. The categorical variables are presented as counts and percentages, and the continuous variables as means, standard deviations, medians and ranges. Fisher's exact test was used to compare categorical factors across the groups and t-test was used to compare continuous variables. We describe the hyperglycemic crisis subgroups -DKA, HHS and HK -in terms of demographic characteristics, laboratory values and cocaine use.
A multivariable logistic regression was used to evaluate the relationship between cocaine use and hyperglycemic crisis controlling for possible confounders: age, gender, race (selfidentified by patient), education, primary language, body mass index (BMI) and hemoglobin A1C (HgbA1C). Odds ratios with 95% confidence intervals are reported. To examine potentiation effect modification by gender, race and education, we added multiplicative interaction terms with cocaine use to the model.
To examine potential phenotypic differences between hyperglycemic crisis cocaine users and non-users, we used Fisher's exact test for categorical variables and t-test for continuous variables. All analyses were performed using SAS v9.3. P values < 0.05 were considered statistically significant.
Results

Demographics
Of the 950 patients admitted with hyperglycemia and available urine toxicology data between July 1, 2004, and December 31, 2010, 133 patients presented with hyperglycemic crisis. Their clinical characteristics are shown in Table 1 . Compared to those admitted with non-emergent hyperglycemia, those with hyperglycemic crisis were younger (44.9 vs. 47.7 years, p = 0.008). There were more men and black patients admitted across both groups, but a higher percentage of patients with hyperglycemic crisis were black compared to those without crisis (61% vs. 48%, p = 0.035). Patients with hyperglycemic crisis were more likely to have worse baseline glycemic control as determined by HgbA1C obtained during admission [11.7% (104 mmol/mol) vs. 10% (86 mmol/mol), p < 0.001] and more significant hyperglycemia on admission (average blood glucose 707.9 vs. 406.5 mg/dL, p < 0.001). The groups did not differ in primary language spoken, education level, BMI, or cocaine use.
Hyperglycemic crisis
Of the 133 patients admitted with hyperglycemic crisis, 77 met criteria for DKA (58%), 67 for HHS (50%), and 15 for HK (11%), with 26 patients meeting diagnostic criteria for inclusion in more than one group (Table 2 ). The patients who met criteria for inclusion in more than one group were included in the analysis for each of the groups into which they belonged, given the expected overlap in certain patients with hyperglycemic crisis. Overall, patients with DKA were younger than those with HHS and HK. Male gender was predominant in all groups, but the gender discrepancy was largest in the HHS and HK groups. Patients with HHS and HK had higher BMIs and had worse glycemic control (HgbA1c) than patients with DKA. As would be expected, serum osmolarity was higher in the HHS and HK groups, while pH was significantly lower in the DKA and HK groups. Those with HHS presented with the highest mean glucose concentrations, followed by HK and then DKA (960, 736, and 509 mg/dL, respectively).
Cocaine use
A comparison between cocaine users and non-users was performed to assess for possible phenotypic differences between the two groups. Among the 950 patients analyzed, 161 had a urine toxicology screen positive for cocaine on admission (16.9%), with no significant difference between the hyperglycemic crisis and nonemergent hyperglycemia groups (17.2% and 16.9%, p = 0.90) ( Table 3 ). There was no age difference between users and nonusers. Men were more likely to use cocaine than women (66.5% vs. 33.5%). 61.9% of cocaine users were black, while only 50.3% of the total population was black. Cocaine use was also positively correlated with patients who spoke English as their primary language and lower education level. There was no difference in BMI, baseline HgbA1C or presenting lab values between cocaine users and nonusers. However, glucose concentrations on admission were significantly higher in the cocaine users (480.9 vs. 442.1 mg/dL, p = 0.045). (Table 4) . Patients with hyperglycemic crisis differed only in their mean bicarbonate levels, which were significantly lower in the group who did not use cocaine compared to the group who did use cocaine. They did not differ significantly in any of the other studied variables regardless of whether or not they used cocaine.
Predictors of hyperglycemic crisis
Multivariable analysis was performed to identify possible predictors of hyperglycemic crisis (Fig. 1) . There was no significant interaction of cocaine use with gender, race or education. Cocaine use was not significantly associated with hyperglycemic crisis in either gender (OR 0.90, 95% CI 0.28-2.92, p = 0.86 in men; OR 0.43, 95% CI 0.05-3.82, p = 0.45 in women). Being non-English speaking or black resulted in a non-significant increase in the odds of developing hyperglycemic crisis. Specifically, within the DKA group there was a possible non-significant positive association between males who used cocaine and development of DKA (OR 1.83, 95% CI 0.51-6.61, p = 0.36) and a similarly possible nonsignificant negative association between females who used cocaine and development of DKA (OR 0.54, 95% CI 0.06-5.13, p = 0.59). There was also a possible non-significant negative association between males who used cocaine and subsequently developed HHS (OR 0.46, 95% CI 0.13-1.68, p = 0.24). There were no female cocaine users who presented with HHS and only one patient who used cocaine who presented with HK, which significantly limits analyses of these patients.
Discussion
Hormones that antagonize insulin action are known as counterregulatory hormones and include various hormones such as growth hormone, cortisol, glucagon and catecholamines. In the appropriate metabolic milieu they promote hyperglycemia and ketogenesis [9] . Conditions such as acute myocardial infarction, major infection and trauma are associated with hyperglycemic crisis, partly through an increase in these counter-regulatory ''stress" hormones [10] . Cocaine also has a direct stimulatory effect on counter-regulatory hormone secretion. In rodents, it has been reported to stimulate release of catecholamines from the adrenal glands [6] . In humans, increases in serum cocaine concentrations have been reported to directly correlate with increases in serum ACTH concentration after intravenous cocaine administration [11, 12] . Given these potentiating metabolic effects, it is conceivable that cocaine use may predispose patients to the development of hyperglycemia and/or hyperglycemic crisis.
Prior studies suggesting cocaine use as a cause of DKA have been limited and varied in their methods of confirming cocaine use. These limitations have included patient self-report of substance abuse in the prior year, patient self-report of substance abuse in the days prior to admission, and positive toxicology screens at varying time intervals [7, 8, 13] . None of the prior studies exclusively included patients who were determined, through direct measurement of urine cocaine metabolites, to be actively using cocaine at the time of presentation to the hospital with hyperglycemia. We believe that a significant strength of our study is that we only included subjects with a positive urine toxicology screen on admission in the cocaine user group, and all patients required a urine toxicology screen for inclusion. We also included a reasonably large sample of 950 patients with both hyperglycemia and available urine toxicology screens, of which 161 used cocaine and 133 met criteria for hyperglycemic crisis.
Our study found no difference in the frequency of active cocaine use between patients admitted with non-emergent hyperglycemia and hyperglycemic crisis. The 17.2% prevalence rate of cocaine use in subjects with hyperglycemic crisis is slightly higher than reported in previous studies (14%) [7, 8, 13] . However, the populations in each study are not entirely comparable to ours, and the age limits in our population may have affected this prevalence. Within the hyperglycemic crisis groups, cocaine use was similarly frequent in patients with DKA (16.9%) and HHS (16.4%), while less frequent in patients with HK (6.4%). To the best of our knowledge, the prevalence of cocaine use in HK has not previously been reported. However, we cannot draw any substantial conclusions from the extremely small number of HK subjects in our study. The use of multivariable analysis confirmed that even within specific subgroups there was no significant association between cocaine use and hyperglycemic crisis. There was also no laboratory difference between cocaine users and non-users, apart from the intriguing finding of higher glucose concentrations at presentation in cocaine users. This may further support the generally accepted idea that hyperglycemia is only a part of the pathophysiological process underlying hyperglycemic crisis, given that we show here that cocaine independently promotes hyperglycemia, even though the severity of hyperglycemic crisis is not worsened by cocaine use. Some of the subjects included in the study population likely did not have a pre-existing diagnosis of diabetes, as indicated by HgbA1C less than 6.5%, so it is possible that cocaine could be a precipitant of new onset hyperglycemia and potentially hyperglycemic crisis in this group, though a larger sample size would be needed to further evaluate this possible relationship. Given the likelihood that glucose levels were not in equilibrium prior to the time of admission, the higher average HgbA1c in the crisis groups is difficult to interpret, although there is data that suggests that the HgbA1c is weighted preferentially towards more recent glycemic control (approximately 2 weeks) than prior ambient glucose, so the difference is possibly due to recent glycemic trends.
Our results suggest that cocaine use does not appear to be an acute precipitant of hyperglycemic crisis. Warner et al. suggested that insulin omission while actively using cocaine, in combination with increased counter-regulatory hormone concentrations, may be a primary precipitating cause of DKA [8] . However, they only included patients in DKA stratified by cocaine use vs. no cocaine use, so it is not known if similar findings would have been reported in a control group without hyperglycemic crisis, or in individuals with HHS or HK. In particular, without accurate documentation of active cocaine use at the time of admission for DKA, it is difficult to truly establish or refute any relationship between the two.
Overall, the percentage of cocaine use in our hyperglycemic subjects was similar to the reported national prevalence (16.9% vs. 17.1%) [14] . Current estimates for lifetime prevalence of cocaine use from the National Survey of Drug Use and Health in people ages 26 and over is 17.1%. The lifetime prevalence of cocaine use continues to increase in the United States, with the largest increase in the late teenage years and early adulthood. This is a time at which patients with type 1 diabetes (T1D) are particularly vulnerable and at risk for hyperglycemic crisis. Studies in different countries have reported variable prevalence of cocaine use in children with T1D, though overall decreased use compared to healthy peers has been reported [15, 16] . However, no similar studies exist in the United States population and we did not include this population in our analysis. To the best of our knowledge, there are no prior large studies exploring cocaine use in a diverse adult population with hyperglycemia and/or diabetes.
There are several limitations inherent to our retrospective study design. Firstly, we were unable to identify the cause of hyperglycemic crisis in our cohort given a lack of complete available data. Secondly, it is also difficult to ascertain the ''percent attributable exposure" from cocaine, especially as it is likely that a fair amount of the patients admitted with hyperglycemic crisis also had concomitant insulin omission. We were unable to include this data in our analysis, which makes it difficult to be sure how much of this could be attributed directly to cocaine versus simple insulin omission. Prior studies have suggested that urban populations are more likely to develop hyperglycemic crisis as a result of insulin omission, with the assumption that cocaine use is associated with higher frequency of insulin omission [7, 8] . It is also plausible that active cocaine use may predispose patients to development of infections. Although we report a higher percentage of subjects with hyperglycemic crisis who were active cocaine users than prior studies, this percentage did not differ from cocaine use in subjects with nonemergent hyperglycemia. There is no clear reason why insulin omission would differ significantly between these two groups, though we did not have qualitative data on individual cocaine habits that would help to determine if cocaine use patterns impact insulin omission. For example, it is plausible that certain cocaine users may have habits, such as increased oral hydration while intoxicated, which may protect them from the development of crisis. One would expect that substance abuse would result in an increased tendency towards insulin omission while intoxicated, which in turn would be expected to be associated with development of hyperglycemic crisis. However, this was perhaps surprisingly not apparent in our population. Fig. 1 . Multivariable logistic regression analysis of variables associated with hyperglycemic crisis in cocaine users. We were unable to obtain length of stay or illness severity data on the included patients. In addition, our subjects were identified as having diabetes by admission ICD-9 codes, limiting our ability to accurately assign specific type 1 or type 2 diabetes diagnoses to evaluate those relationships. We also were limited to patients between the ages of 18 and 65 based on the available data in the IDR, which may have affected rates of hyperglycemic crisis and contributed to the lack of difference in the average ages among the hyperglycemic crisis groups. As a result, our results should not be directly extrapolated to pediatric or geriatric populations. We also acknowledge that it is possible that toxicology screens in the clinical environment may have been more commonly performed in blacks than whites, as well as in men over women, which may have resulted in potential unintended bias. Finally, the external validity of our results should only be applied to similar hyperglycemic patients in whom a urine toxicology screen is performed. It is possible that individuals in whom urine toxicology is performed, based on clinical grounds in the intensive care unit or emergency room, may be different from those who did not have urine toxicology performed based on higher index of suspicion for substance abuse. However, despite the potential for overestimation of cocaine use in this population, there was no difference in the rates of hyperglycemic crisis in our population.
Notwithstanding these limitations, our results did not demonstrate a clear relationship between cocaine use and simultaneous development of hyperglycemic crisis. We recognize that our study cannot definitively conclude whether cocaine is an important independent risk factor or precipitating cause for hyperglycemic crisis, and that the role of routine toxicology screening in the evaluation of hyperglycemic crisis cannot be clearly defined based on the available data and literature. However, prospective studies investigating the etiology of hyperglycemic crisis, detailed patterns of drug use, including prospective testing of all relevant patients for cocaine use, and insulin self-administration around the time of admission for hyperglycemic crisis are needed to clearly define a possible causal relationship between cocaine and hyperglycemic crisis.
Conclusions
We report no association between cocaine use and the simultaneous development of hyperglycemic crisis in patients admitted with hyperglycemia to an urban academic medical center. In addition, the severity of hyperglycemic crisis was not exacerbated by active cocaine use.
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